ABSTRACT
INTRODUCTION
New fabrication methods have recently become available for lubricated devices. Such methods allow for the detailed texturing of the surfaces with regular microstructures or patterns. Textures could in many ways prove beneficial to the performance of a bearing: Increasing the load-carrying capacity for a given clearance, reducing friction, increasing hydrodynamic stiffness, serving as traps for wear debris and adding lubricant storage capacity, to name a few. The increasing attention that surface texturing has received in lubrication research is reflected in many recent articles [1] [2] [3] [4] [5] . Tonder [5] numerically analyzed the effect of tailored inlet textures in thrust bearings. He found that significant load can be supported by texturing the inlet, even if the untextured bearing is parallel. This effect is the same as the "collective effect" of microdimples [1] . Brizmer et al [1] also discuss a weak "individual effect" of each texture cell, which is due to local cavitation.
The question that arises is whether a uniform texture can increase the load-carrying capacity (and/or reduce the friction) of a general, non-parallel thrust bearing. We analyze here this case by means of a homogenization technique combined with first-order perturbation analysis in the amplitude.
EQUATIONS AND HOMOGENIZATION TECHNIQUE
We consider convergent 1D bearings. The "base" shape is given by some (fixed) smooth function
The domain is 0 ≤ x 1 ≤ 1. To this base shape we add a pattern given by some function h 1
ε , where ε is the period. The pressure satisfies (cavitation ignored)
where
and is subject to the boundary conditions p ε (
. The basic idea is to consider x (the slow variable) and y = x ε (the fast variable) as independent. Expanding p ε in powers of ε, the leading term p 0 satisfies
with p 0 (0) = p 0 (1) = 0. The overline denotes the average with respect to y. To compute A and B we introduce the local problems for each x: Find χ and ω (periodic in y) such that
and, from them,
The load capacity j ε (h 1 ) and the friction f ε (h 1 ), given by
where P and Q are also calculated from χ and ω. In the limit ε = 0, the effect of the texture h 1 on load and friction can be calculated by perturbing j and f . It is not evident that the results of this perturbative analysis hold for ε > 0, but it can be proved that this holds true for first-order perturbations of j and numerical tests have shown that the same holds for f . In what follows we implicitly assume that the perturbative analysis of j and f provides us with meaningful information about j ε and f ε when ε 1.
FIRST-ORDER PERTURBATION ANALYSIS
Defining the derivatives with respect to h 1
a rather lengthy calculation by the adjoint method yields:
where S and T are positive and depend on h 0 , Λ, Γ but not on v 1 . In particular, S turns out to be the stiffness of the bearing. We conclude that to first order, just the mean texture depth matters in both load capacity and friction. This implies that, again to first order, the friction coefficient is not affected by the texture. To see this, notice that γ( a) and thus a(h 1 ) = −h 1 gives the dependence of the equilibrium position on h 1 . Using now Eq. 5 yields f (h 1 + a(h 1 )) = f (0), completing the proof.
CONCLUSIONS
We have presented a combination of homogenization techniques and perturbation analysis that allows for the assessment of the effect of textures in lubricated devices. It was applied here to the first-order analysis of load capacity and friction, but is extendable to higher order and can deal with other quantities of interest such as dynamic coefficients. A second-order analysis is in order to assess the effect of textures on the friction coefficient, since its first-order dependence was shown to vanish for any texture shape. Further work is needed to account for cavitation effects, which in some cases may be significant.
